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0 Quadrature phase demodulator capable of operating under a wide input dynamic range. 



© In a demodulator for demodulating a quadrature 
phase modulated signal (IN) having a widely varying 
amplitude caused by varying radio transmission link 
conditions, a preprocessing circuit (21 ) logarithmical- 
ly processes the envelope to produce a first 
preprocessed signal (PS1) having a logarithmically 
compressed and digitized amplitude, and limits the 
amplitude to one of two values to produce a second 
preprocessed signal (PS2). A phase detecting circuit 
(22) detects a phase difference between a reference 
frequency and the second preprocessed signal 



(PS2) and produces a phase difference signal repre- 
sentative of the phase difference. A processing cir- 
cuit (23) processes the first preprocessed signal and 
the phases difference signal to produce first and 
second processed signals collectively as the de- 
modulated signal. Preferably, the processing circuit 
(23) comprises an exponential processor (31) for 
exponentially processing the first preprocessed sig- 
nal to produce an exponentially processed signal as 
the first processed signal. 
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QUADRATURE PHASE DEMODULATOR CAPABLE OF OPERATING UNDER A WIDE INPUT DYNAMIC 

RANGE 



Background of the Invention: 

This invention relates to a quadrature phase 
demodulator which is used as a counterpart of a 
quadrature phase modulator and which is capable 
of operating under a wide input dynamic range. 
Such a demodulator is particularly useful in a mo- 
bile radio telephone network which comprises a 
base station having a service area and a plurality of 
mobile stations present in the service area. Each of 
the base and the mobile stations comprises a 
quadrature phase modulator and a receiver. 

In the quadrature phase modulator, a pair of 
quadrature-phase carrier signals are modulated by 
an input signal into a quadrature phase modulated 
signal. The quadrature phase modulated signal is 
delivered to a transmitter connected to the quadra- 
ture phase modulator. The transmitter transmits the 
quadrature phase modulated signal to a receiver of 
another station through a radio transmission path or 
link. The receiver receives the quadrature phase 
modulated signal. A quadrature phase demodulator 
connected to the receiver is supplied with the 
quadrature phase modulated signal as a demodula- 
tor input signal from the receiver. The quadrature 
phase demodulator demodulates the demodulator 
input signal to a demodulated signal. The de- 
modulator input signal has a large varying am- 
plitude caused by various radio transmission link 
conditions. In order to control the amplitude, the 
demodulator generally comprises an automatic 
gain control circuit in addition to a phase detector. 
However, the automatic gain control circuit has a 
degraded gain control characteristic when the am- 
plitude varies drastically. This is serious in case 
where the demodulator input signal includes a 
burst signal. This means that the quadrature phase 
modulator has a narrow dynamic range and is 
undesirable for use in demodulating the demodula- 
tor input signal having the amplitude which varies 
drastically. 



Summary of the Invention: 

It is therefore an object of this invention to 
provide a quadrature phase demodulator which is 
capable of operating under a wide input dynamic 
range. 

It is another object of this invention to provide 
a quadrature phase demodulator which is suitable 
for a mobile radio telephone network. 

Other objects of this invention will become 
clear as the description proceeds. 



On describing the gist of this invention, it is 
possible to understand that a demodulator is op- 
erable for demodulating into a demodulated signal 
a quadrature phase modulated signal, that operates 

5 on receiving an input signal, as a demodulator 
input signal, with a large varying amplitude caused 
by various radio transmission link conditions. 

The above-mentioned demodulator comprises 
preprocessing means responsive to the quadrature 

70 phase modulated signal for logarithmically process- 
ing the demodulator input signal to produce a first 
preprocessed signal and for limiting the amplitude 
to multiple values to produce a second preproces- 
sed signal. The demodulator further comprises 

75 phase detecting means connected to the 
preprocessing means for detecting a phase dif- 
ference between a reference signal having a refer- 
ence frequency and the second preprocessed sig- 
nal to produce a phase difference signal repre- 

20 sentative of the phase difference, and processing 
means connected to the preprocessing means and 
the phase detecting means for processing the first 
preprocessed signal and the phase difference sig- 
nal to produce first and second processed signals 

25 collectively as the demodulated signal. 

Brief Description of the Drawing: 

30 Fig. 1 is a block diagram of a conventional 

quadrature phase demodulator; 

Fig. 2 is a block diagram of a quadrature 
phase demodulator according to an embodiment of 
this invention; 

35 Fig. 3 is a block diagram of a first example 

of a processing circuit illustrated in Rg. 2; 

Fig. 4 is a block diagram of a second exam- 
ple of the processing circuit illustrated in Fig. 2; 

Rg. 5 is a block diagram of a third example 
40 of the processing circuit illustrated in Fig. 2; and 

Fig. 6 is a block diagram of a fourth example 
of the processing circuit illustrated in Rg. 2. 

Description of the Preferred Embodiment: 

45 

Refenring to Rg. 1. a conventional quadrature 
phase demodulator will be described at first in 
order to facilitate an understanding of the present 
invention. The conventional quadrature phase de- 
50 modulator is of the type described hereinabove and 
is for use as a counterpart of a quadrature phase 
modulator. In the manner knov/n in the art, the 
quadrature phase modulator modulates a pair of 
quadrature-phase carrier signals by an input signal 
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into a quadrature phase modulated signal. The 
quadrature phase modulated signal is delivered to 
a transmitter connected to the quadrature phase 
modulator. The transmitter transmits the quadrature 
phase modulated signal to a receiver through a 
radio transmission path. The receiver receives the 
quadrature phase modulated signal and supplies 
the quadrature phase modulated signal to a 
quadrature phase demodulator as a demodulator 
input signal IN having an input amplitude as am- 
plitude information. The input amplitude varies by 
various radio transmission link conditions. The am- 
plitude information is useful in monitoring reception 
electric field strength of the demodulator input sig- 
nal. 

The quadrature phase demodulator comprises 
an automatic gain control circuit 10 for controlling 
the input amplitude of the demodulator input signal 
IN. The automatic gain control circuit 10 delivers a 
gain controlled signal to first and second phase 
detectors 11 and 12. each of which has a predeter- 
mined detection characteristic. The quadrature 
phase demodulator further comprises a reference 
signal generator 13 for generating a reference sig- 
nal having a reference frequency. The reference 
signal serves as a reproduced carrier signal. A Tr/2- 
phase difference distributor 14 is supplied with the 
reference signal and produces first and second 
reference signals. The first reference signal has a 
quadrature phase difference relative to the second 
reference signal. The first and the second refer- 
ence signals are supplied to the first and the sec- 
ond phase detectors 11 and 12, respectively. The 
first and the second phase detectors 11 and 12 
carry out phase detection of the gain controlled 
signal with reference to the first and the second 
reference signals, respectively. As a result of the 
phase detection, the first and the second phase 
detectors 11 and 12 produce in-phase and quadra- 
ture detection signals, respectively, collectively as 
a demodulated signal. 

By the way, the automatic gain control circuit 
10 produces the gain controlled signal having a 
great amplitude when the input amplitude varies 
drastically. Such a phenomenon tends to occur 
when the demodulator input signal IN includes a 
burst signal. In this event, each of the first and the 
second phase detectors il and 12 are saturated 
by the great amplitude. As a result, the first and the 
second detection signals lose the amplitude in- 
formation. 

Taking the above into consideration, it might be 
possible that the automatic gain control circuit 10 is 
removed from the quadrature phase demodulator. H 
the automatic gain control circuit 10 were omitted, 
a detection error would be caused by offset in each 
of the first and the second phase detectors 1 1 and 
12 when the demodulator input signal IN has a 



lower amplitude. 

Referring to Fig. 2, the description will proceed 
to a quadrature phase demodulator according to a 
preferred embodiment of this invention. The 

5 quadrature phase demodulator demodulates the 
demodulator input signal IN into a demodulated 
signal. As described before, the demodulator input 
signal IN is received with a large varying amplitude 
caused by the various radio transmission link con- 

70 ditions. 

The quadrature phase demodulator comprises 
a preprocessing circuit 21. a phase detecting cir- 
cuit 22. and a processing circuit 23. The 
preprocessing circuit 21 logarithmically processes 

75 the input amplitude to produce a first preprocessed 
signal PS1 and limits the input amplitude to one of 
first and second values, such as a plus one or a 
minus one, to produce a second preprocessed 
signal PS2. The preprocessing circuit 21 comprises 

20 a logarithmic processor 24 supplied with the de- 
modulator input signal IN. The logarithmic proces- 
sor 24 compresses the input amplitude in accor- 
dance with logarithmic conversion to produce a first 
logarithmically processed signal LSI defining a 

25 compressed amplitude and logarithmically limits 
the input amplitude to produce a second logarith- 
mically processed signal LS2 having a limited am- 
plitude. The logarithmic processor 24 may be im- 
plemented by a logarithmic amplifier which serves 

30 as a soft li miter. The first logarithmically processed 
signal LSI is supplied to a filter circuit 25. The filter 
circuit 25 removes an unnecessary high frequency 
component from the first logarithmically processed 
signal LSlI and delivers a filtered signal to an 

35 analog-to-digital converter 26. The analog-to-digital 
converter 26 digitizes the filtered signal to produce 
a converted digital signal as the first preprocessed 
signal PSI. The first preprocessed signal PSi has 
a logarithmically compressed and digitized ampli- 

40 tude and is supplied to the processing circuit 23. 
The logarithmically compressed and digitized am- 
plitude is represented by log|r| where r represents 
the input amplitude. 

The second logarithmically processed signal 

45 LS2 is supplied to an amplitude limiter 27. The 
amplitude limiter 27 limits the limited amplitude to 
one of the first and the second values and delivers 
an amplitude limited signal, as the second 
preprocessed signal PS2. to the phase detecting 

50 circuit 22. The amplitude limiter 27 serves as a 
hard limiter. 

The phase detecting circuit 22 comprises a 
reference signal generator 28 and a phase detector 
29. The reference signal generator 28 generates a 
55 reference signal having a reference frequency and 
supplies the reference signal to the phase detector 
29. Supplied with the second preprocessed signal 
PS2 and the reference signal, the phase detector 
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29 detects a phase difference between the second 
preprocessed signal PS2 and the reference signal. 
The phase detector 29 produces a phase differ- 
ence signal representative of the phase difference. 
The phase detector 29 can detect the phase dif- 
ference by utilizing zero crossing information be- 
cause the second preprocessed signal PS2 is limit- 
ed in amplitude. 

The phase difference signal is supplied to the 
processing circuit 23. The processing circuit 23 
processes the first preprocessed signal and the 
phase difference signal to produce first and second 
processed signal collectively as the demodulated 
signal. 

Referring to Fig. 3. the processing circuit 23 
produces the first processed signal which repre- 
sents the amplitude Information as \r\ on a polar 
coordinate system and the second processed sig- 
nal representative of the phase information. The 
processing circuit 23 comprises an exponential 
processor 31 which is supplied with the first 
preprocessed signal PS1 . 

The exponential processor 31 exponentially 
processes the first preprocessed signal PSi in 
accordance with exponential conversion. The ex- 
ponential conversion should be an inverse conver- 
sion relative to the logarithmic conversion. The 
exponential processor 31 produces an exponen- 
tially processed signal having a linear or expanded 
amplitude, as the first processed signal. The ex- 
ponential processor may be implemented by an 
exponential amplifier. The phase difference signal 
is outputted as the second processed signal 
through an output line 32. 

If the demodulator input signal has a wide 
amplitude range, the logarithmically compressed 
and digitized amplitude has a maximum value. In 
this event, an increased bit number Is required to 
. represent the amplitude information. In order to 
represent the amplitude information with a reduced 
bit number, floating-point representation may be 
used. 

Referring to Fig. 4, the description will proceed 
to a processing circuit 23a which is a first modifica- 
tion of the processing circuit 23 shown in Fig. 3. 
The processing circuit 23a is useful In case where 
the demodulator input signal has the wide am- 
plitude range. The processing circuit 23a com- 
prises a tracking circuit 41 for tracking the logarith- 
mically compressed and digitized amplitude to find 
the maximum value to produce a maximum value 
signal representative of the maximum value. The 
processing circuit 23a further comprises a sub- 
tracter 42 which Is supplied with the maximum 
value signal and the first preprocessed signal PS1. 
The substracter 42 subtracts the logarithmically 
compressed and digitized amplitude from the maxi- 
mum value to produce an amplitude difference 



signal representative of an amplrtude difference 
between the logarithmically compressed arid 
digitized amplitude and the maximum. value. The 
amplitude difference signal is supplied to the ex- 
5 ponential processor 31. The exponential processor 
31 produces the exponentially processed signal, as 
the first processed signal, in the polar coordinate 
system. The phase detection signal is outputted 
through the output line 32 as the second processed 
70 signal representative of the phase information. 
When the processing circuit 23a is used, the 
quadrature phase demodulator has a wide dynamic 
range which is approximately equal to 90 decibels. 
Referring to Fig. 5. the description will proceed 
75 to a processing circuit 23b which is a second 
modification of the processing circuit 23 shown in 
Fig. 3. In the example being illustrated, the pro- 
cessing circuit 23b produces the first and the sec- 
ond processed signals on an orthogonal coordinate 
20 system. The processing circuit 23b comprises first 
and second converters 51 and 52 and first and 
second multipliers 56 and 57 In addition to the 
exponential processor 31. 

The phase detection signal is supplied to the 
25 first and the second converters 51 and 52. The first 
converter 51 converts the phase difference into a 
sine function to produce a sine function signal 
representative of the sine function. The second 
converter 52 converts the phase difference into a 
30 cosine function to produce a cosine function signal 
representative of the cosine function. Each of the 
first and the second converters 51 and 52 may be 
implemented an ROM (read-only memory). The 
sine and the cosine function signals are supplied to 
35 the first and the second multipliers 56 and 57, 
respectively. 

The exponential processor 31 is supplied with 
the first preprocessed signal PSI and produces the 
exponentially processed signal in the manner de- 
40 scribed in conjunction with Rg. 3. The exponen- 
tially processed signal is supplied to the first and 
the second multipliers 56 and 57. 

The first multiplier 56 multiplies the exponen- 
tially processed signal by the sine function signal 
45 to produce a first multiplied signal, as the first 
processed signal, represented by {log~^|r|)sine 
when r and B represent the amplitude and the 
phase difference, respectively. The second multi- 
plier 57 multiplies the exponentially processed sig- 
50 nal by the cosine function signal to produce a 
second multiplied signal, as the second processed 
signal, represented by (log~'lr|)cosd. The first and 
the second multiplied signals may be called in- 
phase and quadrature detection signals, respec- 
55 tlvely, and have the phase information and the 
amplitude information. 

Referring to Rg. 6, the description will proceed 
to a processing circuit 23c which is a third modi- 
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fication of the processing circuit 23 shown in Fig. 3. 
The processing circuit 23c is a combination of the 
processing circuit 23b shown in Fig. 5 and the 
tracking circuit 41 and the subtracter 42 which are 
illustrated in Rg. 4. The processing circuit 23c 
produces the first and the second processed sig- 
nals in the orthogonal coordinate system. The pro- 
cessing circuit 23c is useful in case where the 
demodulator input signal has the wide amplitude 
range. 

As described in conjunction with Fig. 4. the first 
preprocessed signal PS1 has the logarithmically 
compressed and digitized amplitude having the 
rnaximum value and is supplied to the tracking 
circuit 41 and the subtracter 42. The tracking cir- 
cuit 41 tracks the logarithmically compressed and 
digitized amplitude and delivers the maximum val- 
ue signal representative of the maximum value to 
the subtracter 42. The subtracter 42 subtracts the 
logarithmically compressed and digitized amplitude 
from the maximum value and produces the am- 
plitude difference signal representative of the am- 
plitude difference between the logarithmically com- 
pressed and digitized amplitude and the maximum 
value. The amplitude difference signal is supplied 
to the exponential processor 31. The exponential 
processor 31 delivers the exponentially processed 
signal to the first and the second multipliers 56 and 
57. 

The phase difference signal is supplied to the 
first and the second converters 51 and 52. The first 
converter 51 converts the phase difference into the 
sine function and produces the sine function signal 
representative of the sine function. The second 
converter 52 converts the phase difference into the 
cosine function and produces the cosine function 
signal representative of the cosine function. The 
sine and the cosine function signals are supplied to 
the first and the second multipliers 56 and 57. 
respectively. The first multiplier 56 multiplies the 
exponentially processed signal by the sine function 
signal and produces the first multiplied signal, as 
the first processed signal, represented by 
(log~'|r|)sin6. The second multiplier 57 multiplies 
the exponentially processed signal by the cosine 
function signal and produces the second multiplied 
signal, as the second processed signal, represent- 
ed by (log"|r1)cose. Each of the first and the 
second multiplied signals has the phase informa- 
tion and the amplitude information. 

While this invention has thus far been de- 
scribed in conjunction with a single embodiment 
thereof, it will readily be possible for those skilled 
in the art to put this invention into practice in 
various manners. For example, the phase detector 
may be implemented by a digital circuit provided 
that the second preprocessed signal has a low 
frequency. The quadrature phase demodulator ac- 



cording to this invention is applicable not only the 
mobile radio telephone network but also a radio 
communication network in general. 



Claims 

1. A demodulator for demodulating into a de- 
modulated signal a quadrature phase modulated 

70 signal, that operates on receiving an input signal, 
as a demodulator input signal, with a large varying 
amplitude caused by various radio transmission 
link conditions, wherein the improvement com- 
prises: 

75 preprocessing means responsive to said quadra- 
ture phase modulated signal for logarithmically pro- 
cessing said demodulator input signal to produce a 
first preprocessed signal and for limiting said am- 
plitude to one of a plurality of values to produce a 

20 second preprocessed signal; 

phase detecting means connected to said 
preprocessing means for detecting a phase dif- 
ference between a reference signal having a refer- 
ence frequency and said second preprocessed sig- 

25 nal to produce a phase ' difference signal repre- 
sentative of said phase difference: and 
processing means connected to said preprocessing 
means and said phase detecting means for pro- 
cessing said first preprocessed signal and phase 

30 difference signal to produce first and second pro- 
cessed signals collectively as said demodulated 
signal. 

2. A demodulator as claimed in Claim 1. 
wherein said preprocessing means comprises: 

35 a logarithmic processor responsive to said quadra- 
ture phase modulated signal for compressing said 
amplitude in accordance with logarithmic conver- 
sion to produce a first logarithmically processed 
signal and for limiting said demodulator input signal 

40 to produce a second processed signal having a 
limited amplitude; 

an analog-to-digital converter connected to said 
logarithmic processor for digitizing said first 
logarithmically processed signal to produce a con- 
45 verted digital signal as said first preprocessed sig- 
nal; 

and an amplitude limiter connected to said logarith- 
mic processor for limiting said limited amplitude 
with said one of first and second values to produce 
50 an amplitude limited signal as said second 
preprocessed signal. 

3. A demodulator as claimed in Claim 2, 
wherein said phase detecting means comprises: 

a reference signal generator for generating said 
55 reference signal; and 

a phase detector connected to said amplitude lim- 
iter and said reference signal generator for detect- 
ing said phase difference to produce a phase de- 
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10 



tection signal as said phase difference signal. 

4. A demodulator as claimed in Claim 3, 
wherein said processing means comprises: 

an exponential processor connected to said analog- 
to-digital converter for exponentially processing 
said converted digital signal in accordance with 
exponential conversion to produce an exponentially 
processed signal as said first processed signal; 
and 

producing means for producing said phase dif- 
ference signal as said second processed signal. 

5. A demodulator as claimed in Claim 4, said 
converted digital signal having a logarithmically 
compressed and digitized amplitude having a maxi- 
mum value, wherein said processing means further 
comprises: 

a tracking circuit connected to said analog-to-digital 
converter for tracking said logarithmically com- 
pressed and digitized amplitude to find said maxi- 
mum value to produce a maximum value signal 
representative of said maximum value; and 
a subtracter connected to said analog-to-digital 
converter and said tracking circuit for subtracting 
said maximum value signal from said converted 
digital signal to supply a difference signal, as said 
converted digital signal to said exponential proces- 
sor. 

6. A demodulator as claimed in Claim 3, 
wherein said processing means comprises: 

an exponential processor connected to said analog- 
to-digital converter for exponentially processing 
said converted digital signal in accordance with 
exponential conversion to produce an exponentially 
processed signal; 

a first converter connected to said phase detector 
and responsive to said phase difference signal for 
converting said phase difference to. a sine function 
to produce a sine function signal representative of 
said sine function; 

a second converter connected to said phase detec- 
tor and responsive to said phase difference signal 
for converting said phase difference to a cosine 
function to produce a cosine function signal repre- 
sentative of said cosine function; 
a first multiplier connected to said exponential pro- 
cessor and said first converter for multiplying said 
exponentially processed signal by said sine func- 
tion signal to produce a first multiplied signal as 
said first processed signal; and 
a second multiplier connected to said exponential 
processor and said second converter for multiply- 
ing said exponentially processed signal by said 
cosine function signal to produce a second multi- 
plied signal as said second processed signal. 

7. A demodulator as claimed in Claim 6. said 
converted digital signal having a logarithmically 
compressed and digitized amplitude having a maxi- 
mum value, wherein said processing means further 



comprises: 

a tracking circuit connected to said analog-to-digital 
converter for tracking said logarithmically com- 
pressed and digitized amplitude to find said maxi- 

5 mum value to produce a maximum value signal 
representative of said maximum value signal; and 
a subtracter connected to said analog-to-digital 
converter and said tracking circuit for subtracting 
said maximum value signal from said converted 

70 digital signal to supply a difference signal, as said 
converted digital signal to said exponential proces- 
sor. 
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@ Quadrature phase demodulator capable of operating under a wide input dynamic range. 



@ In a demodulator for demodulating a quadrature 
phase modulated signal (IN) having a widely varying 
amplitude caused by varying radio transmission link 
conditions, a preprocessing circuit (21 ) logarithmical- 
ly processes the envelope to produce a first 
preprocessed signal (PS1) having a logarithmically 
compressed and digitized amplitude, and limits the 
amplitude to one of two values to produce a second 
preprocessed signal (PS2). A phase detecting circuit 
(22) detects a phase difference between a reference 
frequency and the second preprocessed signal 



(PS2) and produces a phase difference signal repre- 
sentative of the phase difference. A processing cir- 
cuit (23) processes the first preprocessed signal and 
the phase difference signal to produce first and 
second processed signals collectively as the de- 
modulated signal. Preferably, the processing circuit 
(23) comprises an exponential processor (31) for 
exponentially processing the first preprocessed sig- 
nal to produce an exponentially processed signal as 
the first processed signal. 
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